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We make a comparison of the predicted effective weak mixing angle, tfie Z-on resonance asymmetries 
and tfie W-boson mass to the LEP and SLD data at their present status. We find that the predicted 
MSSM values for the effective weak mixing angle are in agreement with the LEP+SLD average 
value for a "heavy" SUSY breaking scale while we observe an agreement with SLD data in the case 
of a "light" SUSY breaking scale. The resulting values for the W-boson mass and for the electron 
left-right asymmetries are compatible with CDF,UA2,D0 and LEP data respectively. Unexpectedly 
we find that the supersymmetric QCD contributions to the Z-observables tend to vanish everywhere 
in the plane. Furthermore, values of M1/2 which are greater than 500 GeV are favoured 

by the MSSM if one considers the current experimental value for the strong coupling. 



I. INTRODUCTION 

The weak mixing angle is defined as a ratio of the gauge 
couplings 
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where g and g' are the SU{2) and U{1)y gauge cou- 
phngs respectively. These couplings are running in the 
sense that they depend on the energy scale Q, and in 
supersymmetry they are evaluated in the DR scheme. 
The weak mixing angle can be easily predicted from 
a GUT model, i.e. SU(5) or from a string derived model 
like the flipped SU(5). There are many sources of the 
determination of the weak mixing angle in terms of ex- 
perimentally measurable quantities. From muon decay 
for instance and knowing the most accurate parameters, 
Mz = 91.1867 ± 0.0020Gey, uem = 1/137.036 and 
Gf = 1.16639(1) X IQ-'^GeV-^, we can define the 
at AIz by the expression 
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n's are the loop contributions to the transverse Z and 
W gauge bosons self energies and they contain both log- 
arithmic and finite parts. The quantity Sys contains 
vertex-f box corrections and the term Ad contributions 
from light quarks and leptons as well contributions from 



heavy particle thresholds i.e. top quark, Higgs bosons, 
superpartner masses. The contributions @,(|^),(^) hi- 
clude logarithmic corrections of the form 



log 



and if the soft gaugino mass M1/2 takes on large values 
we refer to this quantity as a "large log" quantity. We 
have proven in 0| that the weak mixing angle behaves 
like 



log 



Ml 
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This is clear from Figure 1, where if we increase the 
value of then P takes on large values which means 
that large logs have not been decoupled from its value. 
Through this note we always assume the unification of 
gauge couplings up to two loops and the constraint from 
the radiative symmetry breaking |^ where the full one 
loop minimization conditions have been taken into ac- 
count. 
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FIG. 1. The extracted value of as a function of M1/2. 
The logarithmic behavior resulting from the soft gaugino 
masses is obvious. 
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TABLE I. Partial and total contributions to Afc/, (/ = lepton, charm, bottom), for two sets of inputs shown at the top. 
Also shown are the predictions for the effective weak mixing angles and the asymmetries. In the first five rows we display 
the universal contributions to 10'^ x Ak of squarks (q), sleptons(?), Neutralinos and Charginos {Z, C), ordinary fermions and 
Higgses (The number shown in the middle below the "charm" column refers to "lepton" and "bottom" as well). In the next 
five rows we display the contributions of gauge bosons as well as the supersymmetric Electroweak (EW) and SQCD vertex 
and external fermion wave function renormalization corrections to 10^ x Ak. 
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Although the weak mixing angle provides a con- 
venient means to test unification in unified extensions 
of the Standard Model (SM) or the MSSM it is not an 
experimental quantity. There are several studies in the 
literature evaluating the weak mixing angle both in the 
SM |-§ and in the MSSM §. 

II. THE EFFECTIVE WEAK MIXING ANGLE 

LEP collaborations employ the effective weak mixing 
angle first introduced by Degrassi and Sirhn [|. Elec- 
troweak corrections to the Z f f vertex yield the effective 
Lagrangian which defines the effective weak mixing angle 
as 

s)^s%^s\l + ^kf) , (7) 
or in analogous way as we define the eq.(^) 
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where 
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Hzj denotes the Z-7 propagator corrections and the term 
Sk^^^^ the non-universal corrections resulting from the 
vertex and wave function renormalization corrections. 
The non-universal corrections Skj^^^ contain both di- 
agrams with electroweak and supersymmetric QCD cor- 
rections. There are also other SM contributions which 
although included in our numerical analysis, they arc ir- 
relevant to the discussion here. 

The effective weak mixing angle is an experimental 
measured quantity and its average LEP-I-SLD value is 
0.23152 ± 0.00023 §. The diff'erence between the two 
angles in the SM is 

SM : sf- f < 0(10"^) , 

which is less than the error quoted by the experimental 
groups. This fact is due to the small total contribution 
from fermions and bosons occurring at the one loop level, 
in the MS scheme and the only dominant contributions 
are obtained from the two-loop heavy top contributions 
and three-loop QCD effects. 

In the MSSM this picture is changed dramatically. The 
difference between the two angles can be at one loop, 
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So, in the case of the MSSM the two angles may have 
completely different values and the difference between 
them can be much greater than the experimental error. 
As we have shown in ref. ||l| although suffers from large 
logs in the MSSM, this is not the case for the s'j. 

So far the situation is clear : GUT analysis is able 
to predict the weak mixing angle and then eq.(|^) 
can translate the result into the experimentally measured 
quantity, the effective weak mixing angle s'j. 

As we have previously mentioned, among the interest- 
ing features of the effective weak mixing angle is that 
large logs get decoupled from its value. In ref. 0| we 
have shown this fact both analytically and numerically. 
Here we present only the results of the analytical proof. 
Math formulae can be found in ref. (l). 



A. Analytical Proof of the Decoupling 

There are three sources of large logs which affect the 
value of the weak mixing angle s'j: 

1. Gauge boson self energies which feed large logs to 
the quantities Afvi/, p and Afc^. These corrections are 
canceled against large logs stemming from the electro- 
magnetic coupling a{Mz). 

2. Vertex, external wave function renormalizations and 
box corrections to muon decay which affect Afw through 
^VB^^ ■ These corrections are cancelled against each 
other out. 

3. Non-universal vertex and external fermion corrections 
to Zff coupling which affects Afc/. These corrections 
are also cancelled against each other out. 
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We conclude that Sy behaves like 

the SUSY contribution from the finite parts. It seems 
that SUSY follows the well known Appclquist-Carazzone 
decoupling theorem lin] . 
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FIG. 2. The effective weak mixing angle sf versus for 
two characteristic values of Mq. The top quark mass is fixed 
at mt = 175 GeV. 

We obtain that increasing the value of M1/2, takes 
on constant values in the limit M1/2 — > 900 GeV inde- 
pendently on the soft squark mass Afg. Finite correc- 
tions of the form 0{^^^) arc significant in the region 

Ml/2 ~ < 200 GeV with the tendency to decrease 
(increase) the when is greater(smaller) than Mz- 
In addition lowering Mp we obtain smaller values for 
the sj. It is worth noting that MSSM seems to agree 
with the average LEP+SLD value while in the vicinity 



B. Numerical Proof of the Decoupling 

In order to prove the decoupling of large logs, we have 
included the full supersymmetric one loop corrections for 
the universal and non- universal part of eq.(||). In all 
figures that follows we assume the constraint from the 
radiative EW symmetry breaking ||^ and the universality 
for soft breaking masses at the unification scale Mgut- 
In Figure 2 we plot the leptonic effective weak mixing 
angle as a function of the soft gaugino mass parameter 
Ml/2 for a low (Afo = 100 GeV) and high {Mq = 600 
GeV) value of the soft scalar parameter, Afg- 



^'(mIT;) '^hich is of Mo - Ml/2 ^ 100 GeV, sf agrees with the SLD ex- 
perimental valueQ. The parameters Aq and tan do not 
affect significantly the extracted value of sf . 

Going deeper, we display in Table I the partial and to- 
tal contributions to Afc/. Also shown are the predictions 
for the effective weak mixing angle s'j and the asymme- 
tries. 

We would like to stress five interesting points on this 
Table : 

• The bulk of the SUSY corrections to Akf is carried 
by the universal corrections which are sizeable due to 
their dependence on large log terms. 

• The contribution of Higgses which is small mimics 
that of the SM with a mass in the vicinity of ~ 100 GeV. 



*The LEP average slj,f = 0.23199 ± 0.00028 differs by 2.9cr 
from SLD value s^ff = 0.23055 ± 0.00041 obtained from the 
single measurement of left-right asymmetry. 

^The independent parameter tan /? plays an important role 
in the case of si. 
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• Gaugq] and Higgs boson contributions tend to cancel 
large universal contributions of matter fermions. 

• We find that the non-universal Electroweak SUSY 
corrections are very small for a "heavy" SUSY breaking 
scale, Ml/2 = -^o = = 600 GeV. Although separetaly 
vertex and external fermion corrections are large they 
cancel each other out yielding contributions almost two 
orders of magnitude smaller than the rest of the EW 
corrections. For a "light" SUSY breaking scale, M1/2 = 
Mq = ^0 = 100 GeV this cancellation does not occur 
due to the large splittings of the squarks and sleptons. 

• The non-universal SQCD contributions, although a 
priori expected to be larger than the electroweak correc- 
tions turn out to be even smaller. This fact is due to 
cancellations both from its diagram in vertex or in wave 
function renormalization, and from different types of the 
diagrams. This situation is valid both in the "heavy" and 
"light" SUSY breaking limit and we believe that this can- 
cellations arise from a QED like Ward identities between 
vertex and wave function renormalization corrections. 

III. Z-BOSON OBSERVABLES IN THE MSSM 
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FIG. 3. Predicted values for the W-boson mass in the 
MSSM. 



Having obtained the value of the effective weak mix- 
ing angle, we are able to find other Z-observables in the 
MSSM. For instance the physical W-boson mass is de- 
fined by 
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In figure 3 we plot the W-boson mass versus the in- 
put values for the M1/2 parameters for two character- 
istic values of Mq in the "light" SUSY breaking scale 
(Afo = 100 GeV) and in the "heavy" SUSY breaking 
scale (Mq = 600 GeV). As one can see the W-mass is 
in agreement with the presently experimentally observed 
value, Mw = 80.427 ±0.075(Mvi/ = 80.405 ±0.089) GeV 
obtained from LEP(CDF,UA2,D0) experiments for 
rather low(high) values of Mi/2- Moreover, our results 
are in agreement with those of refs. 11-1^. 



Having at hand the effective weak mixing angle we can 
easily derive the left-right asymmetries which in term of 
the can defined as 



tP + (ri - 2s}Qf 



(11) 



where is the electric charge and t/ is the third com- 
ponent of the isospin of the fermion /. As it is depicted 
in Figure 4, the MSSM predictions for Ae agree with 
LEF-^SLD average value (A = 0.1505 ± 0.0023) when 
both Ml/2 and Mq take on values around Mz- In the 
heavy SUSY breaking scale, the MSSM agrees with the 
LEP value, Ae ^ 0.1461 ± 0.0033. Note that increasing 
the value of M1/2, Ae takes on constant values which 
means that large logs have been decoupled from the ex- 
pression (|l^). In this case we have recovered SM results 
displayed in Particle Data Booklet [H . 



■''Gauge boson contribution are different for the different 
fermion species l,c,b. This is due to the fact that their 
non-universal corrections depend on the charge and weak 
isospin assignments of the external fermions. In the case of 
the bottom quark there are additional, significant top quark 
corrections. 
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FIG. 4. Predicted values for the electron left right asym- 
metry in the MSSM. 

So far we have not considered the constraint result- 
ing from the experimental value of as{Mz) In 
Figure 5 we have plotted the acceptable values of the 
soft breaking parameters which are compatible with LEP 
{a,{Mz) = 0.119 ± 0.004, s^^^ = 0.23152 ± 0.00023) |] 
and the CDF/D0(mf = 175 ± 5 GeV) data |l|]. 



900 
800 
700 
600 
500 
400 
300 
200 
100 



T 1 1 r 

LEP+SLD Average 

= 0.23152 ± 0.00023 
a.(Mz) =0.119 ±0.004 
jOf = 175 ± 5 GeV 

/I > 



I o Ob* OA I 



o 



o 



o o7 e 



o 



100 



200 



300 



400 



500 



600 



700 



800 



900 



My, {GeV) 

FIG. 5. Acceptable values in the M1/2 — Mo plane accord- 
ing to the LEP+SLD data. Only large values of M1/2 are 
acceptable. 

The trilinear soft couplings as well as the parameter 
tan P{Mz) are taken arbitrarily in the region (0-900 GeV) 
and (2-30), respectively. As we observe from Figure 5, 
MSSM with unification of gauge coupling constants, uni- 
versality of the soft masses at Mqut and radiative EW 
symmetry breaking is valid in the region M1/2 <^ 500 
GeV and Mq > 70 GeV. The lower bound on M1/2 is 
put mainly from the experimental value of and on Mg 



from the requirement that LSP is neutral. In this re- 
gion, the physical gluino mass is above 1 TeV, the LSP 
is > 200 GeV, the squark and slepton masses are > 800 
GeV and ^ 210 GeV and the light Higgs boson mass is 
greater than 108 GeV. 



IV. CONCLUSIONS 

In ref. § we have included the full one-loop super- 
symmetric corrections to the effective weak mixing angle 
which is experimentally determined in LEP and SLD ex- 
periments. Our analysis enables one to pass from the 
"theoretical" weak mixing angle s^, which can be pre- 
dicted from GUT analysis, to the experimental effective 
weak mixing angle s'j . We conclude that : 

• There are no logarithmic corrections of the form 



Mi 



-)) to the effec- 



^°S(ig|^) (or more generally log( 
five weak mixing angle. 

• Supersymmetric QCD corrections tend to vanish ev- 
erywhere in the M1/2 — Mq plane. 

• The predicted MSSM values for the effective 
weak mixing angle are in agreement with the present 
LEP+SLD average value in the "heavy" SUSY break- 
ing scale while they are in agreement with the SLD data 
in the "light" SUSY breaking scale.. 

• MSSM predicts values of the W-boson mass which 
are in agreement with the new CDF,UA2,D0 average 
value. 

• In the "heavy" SUSY breaking limit MSSM seems 
to prefer the experimental LEP value for the electron 
left-right asymmetry Ae ■ 

• Finally, values of Afi/2 which are greater than 500 
GeV are favoured by the MSSM if one assumes the 
present LEP+SLD and CDF/D0 data for s^^^, as and 
rrit, respectively. 
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